infinitive suffix also diverges from the colloquial and literary language. In §8, I suggest that an orthographic effect contributed to the anomalous data in Bowman & Lokshin (2014) . Finally, in §9, I discuss the descriptive and theoretical implications of the paper.
2
Experimental and field methodologies Fundamentally, linguistic research follows the hypothetico-deductive method. 2 Given some amount of extant data, the linguist forms a hypothesis, which is then tested and recorded. The data recorded from the experiment, whether it be a casual elicitation session in the bush or an ultrasound study in a laboratory, are then used to re-evaluate the original hypothesis. Between hypothesis formation and actual testing, though, exists a planning phase, where the researcher determines which methods are most appropriate to address the question at hand. These may range from passive participation in a community event to visual masked priming. In each case the linguist chooses which data collection method is most appropriate to inform the question at hand (e.g. Yao & Scheepers 2011; Schütze & Sprouse 2013; Tonhauser & Matthewson 2015) . In these ways, both the experimentalist and the fieldworker engage in the same larger program of hypothesis generation, testing, and evaluation.
There are numerous factors that inform the hypothetico-deductive method. Here I briefly touch on three methodological choices that relate to the Kazakh data to be discussed, stimulus ordering, register, and orthography. First, the importance of stimulus ordering is well-attested. In the early stages of fieldwork, this is often impossible, but in later stages, when specific hypotheses about the language under study are being considered, more controlled data collection methods become feasible. Since Fisher (1935) , randomization of stimuli has been shown to reduce effects from confounding variables. Moreover, the order of stimulus items has been shown to influence responses in both laboratory and field settings (Bock 1986; Snyder 2000; Bickel et al. 2007; Pickering & Ferreira 2008; Caballero 2010; Yu 2014) . Priming has been shown to affect lexical access, syntactic structure, morpheme ordering, tone, among other phenomena. In short, stimulus ordering is an important tool to help ensure the validity of one's data. Principled ordering of stimuli can help guard against confounding effects of priming, both in the lab and in the field.
Second, register differences may affect linguistic patterning (Biber 1993 (Biber , 1995 (Biber , 2012 Face 2003) . In essence, the context, including factors like formality, the modality of communication, and the specific interlocutors present change linguistic behavior. For instance, Face (2003) demonstrates that intonational contours in Catalan significantly differ in spontaneous speech and "lab speech" (see also Xu 2010) . Thus, it is crucial to know which register is being elicited, as well as the relevant properties of the target register. In many cases, a particular result may only hold within a certain register, and may not generalize to other varieties of the language.
Third and finally, orthography exerts a significant influence on linguistic performance (see Derwing 1992 for arguments on the influence of orthography on linguistic competence, too). Some experimental studies have argued that orthographic knowledge interacts with phonological knowledge, (e.g. Damian & Bowers 2003; Perre et al. 2010) . Fieldworkers and sociolinguists have written a great deal about the effects of orthography on variation, identity, and language maintenance (Seifart 2006; Sebba 2007; Essegbey 2015) . It is therefore important to understand the potential effects of orthography on the target register and target phenomenon.
In some cases though, it is difficult or impossible to avoid using orthographic representations. Most methods of data collection come with certain drawbacks, which are most effectively minimized by the use of multiple complementary methods. For instance, the effects of syntactic priming can be tested using orthographically-based methods, like self-paced reading, or by aural presentation of the target stimuli. In like manner, the fieldworker may want to test some phonological hypothesis using orthographic as well as pictorial prompts. The use of multiple methods allows the researcher not only to understand more fully the phenomenon in question, but also the differences that emerge from the various modalities employed during elicitation.
The three factors just discussed, stimulus ordering, register differences, and orthography, in addition to the general importance of multiple converging methods, will all factor into my critique of Bowman & Lokshin (2014) below.
3
Locality and Kazakh vowel harmony
In this section I discuss vowel harmony in Kazakh. I first introduce the role of exceptionality in vowel harmony, laying out Mahanta's (2012) claim that all exceptions are local, as well as Bowman & Lokshin's (2014) counterclaim from Kazakh. From there, I describe the general pattern of backness harmony in Kazakh, which lays the foundation for the findings reported in subsequent sections.
Locality and exceptions in vowel harmony
In vowel harmony, some vowel determines the realization of another. This dependency is generally argued to be local, precluding long-distance effects in harmony (e.g. Gafos 1999; Baković 2000; Ní Chiosáin, & Padgett 2001) . Consider the Turkish example below. Observe in (1a,b) that /a/ and /e/ regularly alternate for backness harmony in Turkish. In the plural suffix, /a/ occurs after back vowels while /e/ occurs after front vowels. However, in exceptional suffixes, this dependency is violated. One example is the polygon-forming suffix, /-gen/, which does not alternate based on the backness of the root (1c-e). Following back vowels, the polygonforming suffix still surfaces with a front vowel, (6d,e). When /-gen/ occurs, the iterative spreading of root vowel backness is interrupted. When additional vowels follow the exceptional polygon-forming suffix, in every case the polygon-forming suffix imposes its own backness on the following vowel. In Turkish, /-gen/ blocks harmony, since it determines the realization of the PL suffix that follows it.
(1) Exceptionality in Turkish (Clements & Sezer 1982) a. dal-lar 'branch-PL'
e. ʧok-gen-ler 'many-PLGN-PL'
One could imagine, however, another kind of exception, where the morphological root controls the realization of PL regardless of what intervenes. In (1d), this kind of non-local interaction is shown. The possible form, *altɯ-gen-lar is ungrammatical in Turkish. In this type of exception, the backness of the root skips over /-gen/ to determine the proper allomorph of PL. In other words, the exceptional morpheme is skipped for harmony. In this scenario, the exceptional morpheme is transparent. 3 Blocking and transparency are depicted in Table 1 below using autosegmental association lines (Goldsmith 1976) . In the blocking cell, all phonological interactions are local. The polygon-forming suffix does not undergo harmony, so locality requires that the following suffix agree in backness with the exceptional morpheme. In the transparency cell, though, harmony is non-local, since the backness of the vowel preceding /-gen/ determines the backness of the vowel following the exceptional morpheme. Transparency is represented by crossing autosegmental lines, which is generally prohibited in autosegmental frameworks (see also Pulleyblank 1983; Archangeli & Pulleyblank 1994 ). Blocking /-gen/ Transparent /-gen/ (unattested) a l t ɯ -g e n -l e r
Mahanta (2012) makes the strong claim that locality governs all exceptionality in harmony. As a result, at a defitional level, all exceptional morphemes block harmony (cf. Finley 2010). In contravention of Mahanta's claim, Bowman & Lokshin (2014) report that Kazakh possesses two exceptional suffixes that do not block harmony, but are rather transparent. Bowman & Lokshin (2014, henceforth B&L) Likewise, in (3a,b), /u ͡ w/ regularly triggers back vowel suffixes in Kazakh. Yet, the infinitive suffix, like COM, fails to undergo backness harmony, also allowing harmony to pass on to the next morpheme, in (3c,d).
The findings in B&L thus directly contradict the claims advanced in Mahanta (2012) . This paper focuses on the empirical claims made in Bowman & Lokshin (2014) , arguing against their interpretation of COM and INF. I demonstrate that COM is not transparent, but blocks harmony. Further, I show that INF is not even exceptional, but regularly undergoes harmony. As a result, I argue that B&L's claims should be regarded with caution, and that Kazakh does not instantiate a pattern of exceptional transparency. Rather, I suggest that two distinct registers, literary and colloquial Kazakh, stimulus-ordering, and orthographic effects all played a role in the anomalous data described in B&L.
Kazakh vowel harmony
The Kazakh vowel inventory consists of the at least the following nine phonemes, /ɛ ʏ i ͡ e ɵ ae a ɔː ə ɔ/, and potentially two more phonemes, /i ͡ j u ͡ w/ (McCollum & Chen submitted). The number of phonemes has been contested, and researchers have typically posited the nine phonemes above, excluding /i ͡ j/ and /u ͡ w/ (Dzhunisbekov 1972; Kirchner 1998; Muhamedowa 2015; Washington 2016 Table 2 below.
In addition to these contrastive features, I use moras, μ, to differentiate the long and short vowels. The high and the low vowels are all long, and as a result, bimoraic. In contrast, the mid vowels contrast for length, and may either be monomoraic (short) or bimoraic (long). The length contrast seems to be emerging from what was likely a height contrast. The vowels described as high by previous writers are now produced as short mid vowels, and differ from the historical mid vowels in that they are very short (Johanson 1998 Typical for a Turkic language, Kazakh exhibits backness (or palatal) harmony. In most cases, the backness of the initial vowel determines the backness of all subsequent vowels (Balakaev 1962; Dzhunisbekov 1972 Dzhunisbekov , 1980 Kirchner 1992 Kirchner , 1998 Kara 2002; Muhamedowa 2015) . This is true both within roots and in suffixes, as demonstrated below.
In (4a-j), observe that only /i ͡ e/, /ɛ/ and /ʏ/ may follow the front vowels, /aeː i ͡ e ɵː ɛ ʏ/. In (1k-r), only /aː/, /ə/ and /ɔ/ may follow the back vowels, /aː ɔː ə ɔ/. Observe also that the dorsal obstruents /k/ and /q/ are subject to the same co-occurrence restriction as vowels in (4 In (7), backness harmony is iterative, affecting both short and long vowels alike. Note that the question enclitic undergoes harmony in these examples, which derive from the literary register.
The differences between Q in the literary and colloquial registers will figure prominently in §4-6 (see also Muhamedowa 2015:282). In addition to backness harmony, Kazakh exhibits labial harmony, as is evident in some of the root-internal alternations shown in (8, see 8f,j,r). Labial harmony is typically non-iterative (Balakaev 1962:102-103; Kirchner 1998:320-321; McCollum to appear; McCollum & Chen submitted) . Labial harmony will not be further discussed in the paper.
Comitative suffix
The comitative suffix, /-mi ͡ en/, is one of the only invariant suffixes in the language (Krippes 1993; Kirchner 1998; Kara 2002; Muhamedowa 2015) . 6 This suffix surfaces with the front vowel /i ͡ e/ regardless of the vowel that precedes it. The suffix onset surfaces as /m/ after sonorants, (8a-e), as /b/ after voiced obstruents, (8f), and as /p/ after voiceless obstruents (8g-j). Most importantly, COM is realized with a front vowel regardless of preceding vowel quality, (compare 8a-g with 8h-j). Recall from above that /i ͡ e/ regularly participates in harmony, both as a trigger and undergoer of harmony, as in /i ͡ es-ti ͡ er-ɛ-m-ɛz=bi ͡ e/ 'memory-PL-POSS-1-PL=Q' from (7b). Thus, it is not the feature specification of /i ͡ e/ that prevents harmony on COM. For vowels that are not exceptions to vowel harmony for featural reasons, Mahanta (2012) contends that these vowels will ontologically block harmony in exceptional morphemes.
The data in (9) shows the effect of COM on subsequent morphemes. B&L are the first to systematically investigate harmony on morphemes following the exceptional comitative suffix. They find that COM is transparent to harmony, with the [back] feature of the preceding vowel determining the backness of the vowel following COM, shown below. As far as I know, the question enclitic is the only morpheme that may follow COM.
(9) Harmony after the comitative suffix (Bowman & Lokshin 2014:5) a. naːn-mi͡ en=baː 'bread-COM=Q' b. bɵːbi͡ ek-pi͡ en=bi͡ e 'baby-COM=Q'
According to B&L, COM is exceptionally (idiosyncratically) transparent. First, this morpheme is exceptional because /i ͡ e/ is invariant in this morpheme, while in all other contexts participates in harmony. Second, /i ͡ e/ of COM is transparent because it does not spread its own backness feature, but allows the backness of the preceding vowel to determine the backness of the following vowel.
Infinitive suffix
In addition to the invariant comitative suffix, B&L report that the infinitive suffix is also invariant. Like COM, they find that INF is transparent to backness harmony. 7 The infinitive suffix is represented orthographically by <у>. Traditionally, this grapheme has been assumed to represent a regularly alternating high round vowel (Balakaev 1962; Dzhunisbekov 1972 Dzhunisbekov , 1980 Vajda 1994; Kirchner 1998; cf. Kara 2002 
The next three sections focus on the comitative suffix, COM, and the question enclitic, Q. In §4, I show that neither COM nor Q alternate for harmony in colloquial Kazakh, precluding the possibility of transparency. In §5, I demonstrate that COM is invariant and blocks harmony on Q in the literary language. Thus, Q is not transparent in either colloquial or literary Kazakh, in opposition to B&L's results. In §6, I experimentally test the possibility that their results stem from stimulus ordering. I show that stimulus ordering has a noticeable effect on production data that offers an explanation for the pattern found in B&L.
4
Is the comitative suffix transparent in colloquial Kazakh?
I conducted fieldwork on colloquial Kazakh in June 2014. Over fifteen hours of colloquial data were gathered though semi-formal conversational elicitation. All interaction with speakers was conducted in Kazakh by the author. Data was collected from thirteen speakers (9 females, 4 males) residing in and around Taldykorgan, Kazakhstan. Data from two speakers were excluded because Kazakh was not their dominant language. Speakers ranged in age from 19 to 46, with a mean age of 33.5 years. Ten speakers were from Kazakhstan and one speaker was from Mongolia. Among the 10 speakers from Kazakhstan, 7 were from southeastern Kazakhstan, and the three remaining speakers came from north-central, eastern, southern, and southeastern Kazakhstan. Speakers also varied by educational achievement. Three speakers had master's degrees, one had a terminal bachelor's degree, eight had terminal high school diplomas, and one had completed some high school. The data were recorded to a Zoom H4N recorder at a sampling rate of 44.1 kHz with a Shure unidirectional microphone. The fieldwork data presented throughout the paper were normalized (Lobanov 1971) to facilitate more appropriate acrossspeaker comparisons. The normalized units for F1 and F2 are (z). 
The comitative suffix
During data collection, the comitative suffix occurred 381 times, 218 times after front vowel stems and 163 times after back vowel stems. Table 4 presents mean and standard deviations for F1 and F2 of COM after front and back vowels. Table 4 also compares F1-F2 of COM with noninitial (i.e. alternating) /aː/ and /i ͡ e/. Regardless of stem backness, F2 of COM always approximates F2 of non-initial /i ͡ e/. In fact, mean F2 of COM is higher than that of alternating /i ͡ e/. In other words, COM is more peripheral than /i ͡ e/ that surfaces due to backness harmony. The data from Table 4 are plotted in Figure 2 below. Compare the realization of /aː/ and /i ͡ e/ in harmonic affixes (N=652 and 846, respectively) to the realization of COM after front and back vowel roots. It is clear that COM does not alternate between /aː/ and /ie/. The invariance of COM is readily attested in the descriptive literature (Balakaev 1962:157-159; Kirchner 1998:327; Kara 2002:33-34; Muhamedowa 2015) . Thus, the result above is unsurprising, but serves to establish more concretely that COM in colloquial Kazakh does not alternate for backness (see also Userbaeva 2005; Niyazgalieva & Turganalieva 2013).
4.2
The realization of the question enclitic following the comitative suffix
As discussed in §4.1, the comitative suffix is invariant for backness. The most pressing issue, though, relates to the realization of the question enclitic after COM since only Q may follow COM. Traditionally, Q is treated as an alternating suffix, whose vowel varies between /aː/ and /i ͡ e/, depending on the backness of the stem (Balakaev 1962: 413-415; Kirchner 1998:321; Kara 2002:36-37) . The traditional description of Q is demonstrated in (13) below. In (13a-f) Q is realized with /aː/ after back vowels, but with /i ͡ e/ after front vowels (13g-k). Note also that the alternation of the initial consonant of Q parallels that of COM in (8).
(13) During fieldwork, 35 tokens of the question enclitic were recorded. Of those, 20 occurred after front vowel stems. Of the 20 tokens following a front vowel, only one token of Q surfaced as a front vowel. This particular instance involved a mother instructing her son how to complete a map task derived from the HCRC Map Task Corpus (Anderson et al. 1991) . It seems likely the mother was taking on the role of teacher, and as a result, switching to a more formal register. In literary Kazakh, Q alternates for harmony, but as seen in Table 5 , Q in colloquial Kazakh is invariantly [+bk] . Elsewhere, this speaker's productions of Q were always [+bk] . Despite the small sample, the acoustic realization of Q is clear. The question enclitic is produced with a [+bk] vowel in the colloquial language. Table 5 and Figure 3 compare the realization of Q after front and back vowels to non-initial (i.e. alternating) /aː/ and /i ͡ e/. Interestingly, Q exhibited a large degree of variation in F1, with many tokens approximating F1 of mid vowels rather than the low vowel /aː/ predicted by previous descriptions. In a number of related languages, including neighboring Kyrgyz (Hebert & Poppe 1963) , Turkish (Lewis 1967; Underhill 1976) and Uyghur (Hahn 1991) , the question enclitic is a high vowel, as opposed to the non-high vowel in Kazakh. Most importantly, though, Q does not alternate for backness harmony.
To make the contrast between previous descriptions and fieldwork data clear, several examples are presented in (14) below. In each example Q is underlined. In (14a,b) previous descriptions and fieldwork data correspond, since the root vowel is [+bk] . However, when the root vowel is [-bk], Q from fieldwork data is consistently disharmonic, in contrast to previous descriptions. Regardless of preceding vowel backness, Q is realized with a [+bk] vowel in colloquial Kazakh, which is corroborated by Muhamedowa (2015:282-283 ) who notes the same invariance of Q. This is significant because Q is the only morpheme that may follow COM. Since Q is also invariant, colloquial Kazakh does not demonstrate the putative transparency of COM. This issue is further explored in the next two sections.
Before moving on, it should be noted that no tokens of COM+Q occurred during fieldwork. This construction occurs almost exclusively in literary texts, and even in those contexts, it is rare. While there is no direct evidence from colloquial Kazakh that COM is not transparent, the broader invariance of Q in colloquial Kazakh suggests that the findings in B&L do not conform to the phonology of the colloquial language.
The next section shows that COM is similarly invariant in the literary register. §5 also demonstrates that Q in literary Kazakh undergoes harmony, in contrast to the colloquial data in this section. However, contra B&L, COM is not transparent, but blocks harmony in literary Kazakh. Using data from both the colloquial and literary registers, these two sections contradict B&L's claim that COM is transparent.
5
Is the comitative suffix transparent in literary Kazakh?
Muhamedowa (2015) distinguishes between written and spoken Kazakh, noting that written Kazakh encodes an alternation on the question enclitic not present in the spoken language. In §5.1, I present orthographic data from the Almaty Corpus of Kazakh (Madieva & Umatova 2015) and the Kazakh Language Corpus (Makhambetov et al. 2013) , which show that Q agrees in backness with invariant COM rather than the stem vowel preceding COM. In other words, COM is not transparent in these written corpora. In §5.2, I go on to show from audio data in the Kazakh New Testament (kkitap.net) that COM is not transparent in spoken literary Kazakh, either. Whereas §4 shows that COM is not transparent in colloquial Kazakh, this section shows that COM is not transparent in literary Kazakh, either.
Corpus data
The Almaty Corpus of Kazakh (Madieva & Umatova 2015) contains approximately 20 million morphologically tagged words from scientific, literary, and popular texts. When the corpus was queried for tokens of COM, 15,053 tokens from 461 documents were found. Of those, all were spelled with <е>, corresponding to phonemic /i ͡ e/. None were spelled with <a>, corresponding to phonemic /aː/. This result further supports the claim that COM does not alternate for backness harmony.
When the corpus was queried for tokens of Q, 7,127 tokens were found. Of those, 4,037 were written with <мa, ба, па> and 3,090 were written with <мe, бе, пе>. This indicates that, as noted throughout the descriptive literature, written Kazakh encodes a backness alternation for Q. The corpus was then queried for strings of COM followed by Q, returning only 7 instances of this morphological concatenation from 6 documents. Crucially, every instance of COM+Q was written <мен бе>, with graphemes representing front vowels. In short, COM blocks harmony on Q in the written language. Results from the Almaty Corpus of Kazakh are shown in Table 6 . Given the rarity of COM+Q, I queried a second corpus, the Kazakh Language Corpus (Makhambetov et al. 2103) . The Kazakh Language Corpus is a much larger corpus, containing over 135 million words, but lacks a comparable graphical user interface to the Almaty Language Corpus. When this larger corpus was queried for strings containing COM+Q, 77 tokens were found. All 77 tokens were written as <мен бе>, <бен бе>, or <пен бе>. None were written with <ба> following COM, e.g. <мен ба>.
From these two corpora of written Kazakh we see that COM is invariant while Q undergoes alternations in the written language. More importantly, when strings of COM+Q were queried, Q was always written <бе>, in accordance with the invariant [-bk] feature of COM. There is thus no evidence for transparency in Kazakh orthography. Instead, Kazakh orthography treats COM as a blocker of backness harmony.
Kazakh New Testament
One corpus of searchable spoken Kazakh is available at present, the Kazakh New Testament (kkitap.net). Given that COM does not vary in colloquial Kazakh or in the Kazakh orthography, I did not cull acoustic data for COM. I did, however, cull 18 tokens of Q from this corpus. Nine tokens followed [+bk] vowels and nine tokens followed [-bk] vowels.
In the previous section, data was z-score normalized (Lobanov 1971) There is an additional F1 difference between Q after these two stems due to the fact that the low vowel /aː/ alternates with the mid vowel /i ͡ e/ for harmony. I then searched the corpus for instances of COM+Q. Only five instances of COM followed by Q were found in the corpus. Of these five, four followed the front vowel stem, /i ͡ erk/ 'will' while one followed the back vowel stem, /ru ͡ wχ/ 'spirit.' The relevant forms found in the text are shown in (15). In summary, Q alternates according to the backness of the preceding vowel in this audio corpus. Further, when Q immediately follows COM, it is realized as a front vowel. In other words, COM is not transparent in the Kazakh New Testament. More broadly, this section has shown a difference in the application of vowel harmony between the colloquial and literary registers of the language. The question enclitic undergoes harmony in the literary register but does not in the colloquial register (Muhamedowa 2015) .
The realizations of COM and Q in colloquial and literary Kazakh are compared to the findings from B&L in I can think of three plausible explanations for the surprising data in B&L. One, their data may represent a dialectical difference between the speakers they consulted and those I worked with. Two, their data may come from a register that is neither colloquial nor literary, or three, their data may be an artefact of their data collection practices. I briefly address these three possibilities in order.
As to a potential dialectical difference, this would be surprising for several reasons. First, I have consulted speakers from central and northwestern Kazakhstan (where the speakers they worked with are from), and none of them produced the pattern described in B&L. Additionally, previous work on Kazakh dialects has reported only small differences between the dialects spoken in Kazakhstan, which are mostly lexical in nature (Amanzholov 1959; Kirchner 1998:330-331; Grenoble 2003:150) . Lastly, I asked several speakers of other dialects if they have ever encountered data congruent with that reported in B&L and they said no. Further, each person responded by saying that forms like (5a), /naːn-mi ͡ en=baː/ 'bread-COM=Q', are ungrammatical in literary Kazakh.
Second, if these differences derive from a distinct register that is neither colloquial nor literary, it is unclear what kind of register this would be. If it relates to formal elicitation, then it is possible to replicate a formal elicitation session designed to collect data on these forms to see whether this is feasible. If formally elicited data match their results, then we could conclude that the data in B&L represent a potential elicitation register. If, however, formally elicited data does not match their findings, then we should conclude that a register difference is probably not involved in this discrepancy. The next section presents results from an experimental study that show these data do not derive from "lab speech" or some equivalent register used during formal elicitation.
Third, if these differences in the behavior of COM derive from the particular methods they employed to collect data, then we should expect to be able to generate their pattern of data only using certain methods. In the following section I attempt to replicate their results using two different elicitation strategies. I show that the ordering of stimuli corresponds to a large difference in vowel alternations for four speakers. If this result holds more generally, then their finding may, in fact, be an experimental artefact, and not representative of any known variety of Kazakh.
6
Stimulus ordering and the comitative suffix The previous two sections described a register difference in Kazakh. This section goes on to argue that the aberrant data in B&L are an artefact of their data collection methods. First, though, what do we know of their methods? B&L worked with two speakers in a field methods class, but do not report further on how they collected the data related to COM. I contacted Sam Bowman to see if he had their elicitation protocol(s) on file, but he did not. So, we know little about the particulars of their data collection. My speculative hypothesis is that their data collection was influenced by the presentation of case-inflecting suffixes common in the Russianbased pedagogical literature on Kazakh. In many pedagogical texts, COM is treated as a caseinflecting suffix, typically occurring at the end of the list of case suffixes (e.g. Rysbayeva 2000:27ff). If B&L's data was collected via elicitation using this ordering of cases, where the comitative occurs after the six alternating cases, NOM, GEN, DAT, ACC, LOC, and ABL, then an ordering effect could account for their data (see also Bickel et al. 2007; Caballero 2010; Yu 2014; Bochnak & Matthewson 2015 for more on priming in linguistic research). I further elaborate on this hypothesis below.
Participants
I recruited four Kazakhs residing in San Diego, CA to participate in an experimental elicitation. Three of the participants were from southern Kazakhstan while one participant was from central Kazakhstan. All were in their 20's and spoke Kazakh and Russian, as well as some English.
Procedures and stimuli
The four elicitation sessions took place in quiet rooms near the campus of UC San Diego. Each speaker was presented a noun in its unmarked (i.e. NOM) form using Kazakh orthography. The speaker was then requested to produce this word in each of the seven pedagogical case endings (NOM, GEN, DAT, ACC, LOC, ABL, and COM) for both singular and plural numbers, with and without the question enclitic. Speakers were not explicitly asked to produce all case-inflected forms as quickly as possible, but all speakers completed the template for each lexical item very quickly. Twelve monosyllabic nouns were used as stimuli, half with [+bk] and half with [-bk] vowels. For each nominal root, 28 words (7 cases x 2 numbers x 2 question-related forms) were produced, resulting in a total of 336 words per speaker. The list of lexical items elicited is presented in (16). In both conditions described below the ordering of the 12 lexical items below was randomized. Each speaker was randomly assigned to one of two conditions. In the first condition, a template was provided using a sample word written with each of the seven case endings in singular and plural forms, with and without the question enclitic. An IPA-based version of this template is presented below in Table 9 . Each speaker was given the template in Kazakh orthography and asked to familiarize themselves with it. Note that the template provided used a [-back] word, so as not to indicate the realization of COM in a back vowel context. If a [+back] stem had been used, each speaker would have seen an orthographic representation of a [+back] stem followed by invariant COM and a following [-back] Q (e.g. <атпен бе> /aːt-pi ͡ en=bi ͡ e/ 'horse-COM=Q').
Crucially, the list shown in Table 9 uses the typical ordering of cases found in pedagogical materials, where invariant COM follows all of the alternating cases. Given that speakers were asked to produce a very grammar-focused, fairly unnatural task in a university setting, I expected participants to speak in a higher register, even with the rapidity with which they completed the task. Based on the results above, if a higher register is used, then all affixes except COM should alternate for harmony. Speakers were not instructed how to order their productions of stimulus items, so one speaker inflected the target lexeme by-rows, producing all nominative-inflected forms first, then genitive and so on. A second speaker, however, inflected each lexeme by-columns, producing all singular non-questions, then singular questions, and so on. The number of stimulus items preceding COM+Q varies some across-these two speakers, but in each case a number of other forms precede COM, introducing a circumstance amenable to priming.
Predicted results are shown in Table 10 below. Results from Condition 1 are shown in Table 11 . Each speaker produced a root-COM=Q sequence 24 times. Of those 24, 12 critical productions occurred after [+bk] roots. Speaker 1 produced the B&L (transparent) pattern, 3 of 12 times during elicitation. Speaker 4, on the other hand, produced the B&L (transparent) pattern 10 of 12 times. Although this pattern could reflect the colloquial register, both of these speakers did not produce Q as invariantly [+bk] in other contexts. Since Q was not invariantly [+bk] , it is unlikely that productions like /aːs-pi ͡ en=baː/ 'meal-COM=Q' reflect the colloquial register. The question enclitic occurred 12 times per lexeme without a preceding COM. In these contexts, the realization of Q can shed light on the register employed during elicitation. These data are shown in Tables 11 and 12 show inter-register variation depending on vowel backness. This seems highly unlikely, and suggests that vowel backness in Kazakh conditions the choice of register, although there is no evidence to support such a prediction. In Table 12 , we see that in root=Q sequences harmony almost always applies, in accordance with the data presented from literary Kazakh in §5. In Table 10 I contend that productions like /aːs-pi ͡ en=baː/ 'meal-COM=Q' result from priming. Since COM occurs at the bottom of the list, as is typical in pedagogical grammars of the language, each speaker produced COM+Q at the end of group of related stimuli. Moreover the colloquial variant of Q is identical to the literary variant after [+bk] vowels. In other words, after [+bk] roots, literary Kazakh harmonizes Q, producing /baː/. After [+back] roots in colloquial Kazakh, Q also surfaces as /baː/ because it is invariant and not because of harmony. Thus, the distinction between the literary register, which is clearly used elsewhere in the elicitation, and the colloquial register is blurred for each of the words preceding COM in the list. When a speaker reaches the end of the list, a colloquial variant of COM has been repeatedly primed through the ordering of items in the template shown in Table 9 . Thus, the realization of forms like /aːs-pien=baː/ is due to the order of the list combined with a tendency towards the colloquial variant.
Some additional evidence for priming comes from Speaker 1. After finishing the paradigm for the [-bk] stimulus, /ɛn/ 'den', she produced four instances of [-bk] Q, /bie, pie/ with the [+bk] root /aːs/ 'meal': /aːs=pi ͡ e/, /aːs-təŋ=bi ͡ e/ /aːs-taːr-dəŋ=bi ͡ e/ and /aːs-taːn=bi ͡ e/. Since there is no motivation to preferentially produce [-bk] either in literary or colloquial Kazakh, the fact that a [-bk] stimulus immediately preceded /aːs/ 'meal' offers a plausible cause for these unexpected productions. Afterwards, I asked Speaker 1 if those productions are typical of her dialect, or of Kazakh speech more generally. She said that Q in colloquial Kazakh is often disharmonic. She then produced an example, /si ͡ en ki ͡ el-i ͡ e-sɛŋ=baː/ '2S come-NPST-2S=Q.' Observe that in this example, Q was [+bk] despite following a [-bk] root, and not the reverse.
Before moving on to Condition 2, it is necessary to justify the claim that Kazakhs generally tend toward the colloquial register, which is accessed via the priming effect of the ordered list in Table 8 . Given that experimental studies often elicit registers incongruent with colloquial speech (Face 2003; Xu 2010) , there should be sufficient evidence to support a tendency toward the colloquial, even in an experimental setting. Several pieces of evidence suggest that Kazakhs gravitate strongly towards the colloquial rather than literary register. First, Kazakhs had almost no written literary tradition before the 19 th century (Olcott 1995:106-109; Grenoble 2003:149-151) . Reports suggest between 2 and 8% literacy in 1920 (Dave 2007) . During the 20 th century the Soviet Union brought education and widespread literacy (Grenoble 2003) . However, the Soviet Union advanced Russification of the Kazakhs through education and the increasing numbers of non-Kazakhs transported to Kazakhstan. So, even though almost all Kazakhs are literate, the educational infrastructure developed over the last century has promoted literacy in Russian over Kazakh. As a result, the young Kazakh literary tradition begun in the early 20 th century and the associated literary register of the language were secondary to the Russian literary tradition until very recently. Second, throughout the Soviet era and until the late 1990s Kazakhs did not constitute a majority in their own republic (81.7% in 1897; 40.1% in 1989; Dave 2007), which in effect necessitated a bilingual population (Dave 1996 (Dave , 2004 (Dave , 2007 Fierman 1998) . Russification policies also reduced the domains of usage for Kazakh (see Grenoble 2003:196-197) . Kazakh was often spoken at home but not in public. Moreover, there was little access to media in Kazakh throughout much of the 20 th century.
Thus, for many Kazakhs, even in post-Soviet Kazakhstan, there is little engagement with a higher, literary register. This is evident in the sentiment expressed by many Kazakhs that Kazakh is a language for speaking but Russian is a language for reading and writing. For these historical and sociolinguistic reasons it is plausible that Kazakh speakers gravitate towards the colloquial register, even in formal elicitation. While almost all Kazakhs can read in Kazakh, I speculate that it is more difficult to maintain a literary register than revert to the colloquial register.
In essence, two forces are pitted against each. On one hand, the formal task employed encourages a higher register. On the other hand, the general tendency towards the colloquial register favors less formal speech. In addition to these two factors, when the ordering of stimulus items, in addition to a baseline preference, favors the colloquial register, then the likelihood of colloquial [+back] Q increases significantly.
Condition 2: Fully randomized list
Experimental Condition 2 used the same list of words, but instead of using the ordered template from the previous section, a random list of forms was generated. Each speaker was presented a root from the list in (16). Beside the lexeme, a second stimulus was presented. The second stimulus consisted of a randomly ordered combination of case, number, and the presence or absence of the question enclitic from Table 10 . For instance, given the root /aːs/ 'meal' beside the paradigm cell, PL+ABL (in Kazakh orthography, көпше түрі + шығыс септігі), a speaker would produce [aːs-taːr-daːn] 'meal-PL-ABL.' After producing each of the 28 cells in Table 10 the next stimulus root was presented alongside a different randomized list of paradigm cells.
If the ordering of the list in Condition 1 resulted in the idiosyncratic transparency reported in B&L, then this effect should disappear in Condition 2 since the lists used in Condition 2 were randomized. Results from Condition 2 corroborate the ordering-based prediction. Speakers 2 and 3 produced every form in accordance with a literary pronunciation. No forms exhibited transparency of COM. Further, no forms exhibited the general invariance of Q that occurs in colloquial speech. Instead, all forms were representative of the literary register found in the two orthographic corpora and the Kazakh New Testament in §5. After sessions with Speakers 2 and 3, I asked if it was possible to produce Q as invariantly [+bk] . Each speaker said yes, in the colloquial language, but not in the written language. I also asked if, in some registers or dialects, if the backness of Q depends on the backness of the morpheme preceding COM (the B&L pattern, e.g. /i ͡ es-pi ͡ en=bi ͡ e/ and /aːs-pi ͡ en=baː/). Each speaker said that in the literary language Q must be pronounced with the same backness as the preceding morpheme, whether it is COM or not. In colloquial speech, though, each noted that Q is not typically subject to vowel harmony. I did not ask speakers 1 and 4 about this to avoid any potential feelings of shame or discomfort.
Summary
In this section, I reported on an experiment with four speakers to further determine if the proposals in B&L actually derive from a priming effect. In Condition 1, where speakers produced paradigmatically related forms in a common pedagogical ordering (where COM is last), results resembled the findings in B&L. However, in Condition 2, where the ordering of paradigm cells was fully randomized, speakers produced literary Kazakh without exception. The results suggest that the behavior of COM in B&L derives from the nature of the elicitation protocol and not from any register or dialectical variation in Kazakh. This result confirms the importance of stimulus ordering for field research.
The following two sections focus on the infinitive suffix. In §7-8, I demonstrate that INF in colloquial as well as literary Kazakh both alternates for [back] and spreads [back] to subsequent affixes, making INF a regular participant in harmony. I propose that orthography played a key role in the surprising data reported in B&L.
7 Is the infinitive suffix transparent in colloquial Kazakh?
Recall from §3.4 that, under B&L's analysis, INF is transparent to harmony. This section addresses this claim with audio data from fieldwork. In (17), repeated from (11) I argue in this section that the reported behavior of INF in B&L is once again, an artefact of the data collection methods. However, the transparency of INF does not arise from the ordering of stimuli, but rather from an orthographic effect.
The infinitive suffix
During fieldwork, I recorded 93 tokens of the infinitive suffix, 45 tokens after front vowels, and 48 tokens after back vowels. Below I compare the realization of INF with initial-syllable /ʏ/ and /ɔ/. This choice was made because round vowels are severely limited in non-initial syllables. If INF regularly alternates, the surface realization of INF should approximate initial-syllable /ʏ/ after front vowel stems and initial-syllable /ɔ/ after back vowel stems (Zsiga 1997:234-235) . In Since the alternation of INF may not be as perceptually salient as the /aː/-/i ͡ e/ alternation, I tested the statistical significance of this alternation using a mixed effects model. The model included the following fixed effects: initial vowel backness, height, and rounding, and distance from the initial vowel. Additionally, the model included speaker as a random effect. Using a likelihood ratio test between nested models to determine the significance of changes in F2, root backness was highly significant for predicting F2 of INF, (χ 2 (1)= 99.48, p < .001). The significance of root backness for F2 of INF further supports the claim that INF does, in fact, alternate for backness. Contrary to the findings in B&L, the backness of the root determines the backness of INF in colloquial speech. Descriptive statistics are presented in Table 14 . Impressionistically, AGT, as well as alternating /ɛ/ and /ə/, show more overlap in F2 than the /i ͡ e/-/aː/ and /ʏ/-/ɔ/ alternations discussed above. Two forces produce this overlap. First, these two phonemes are simply more similar to one another than the other harmonic pairings (see McCollum & Chen submitted). Second, AGT, as well as other short vowel suffixes like ACC tend to occur word-finally. As noted before, the vowel space shrinks in non-initial positions, resulting in more significant F2 overlap for /ɛ/ and /ə/. Despite the contraction of the vowel space, root backness was still highly significant for predicting F2 of AGT, (χ 2 (1)=88.90, p < .001). Since the allomorphs of AGT closely approximate the harmonic alternation between /ɛ/ and /ə/, I conclude that AGT undergoes harmony.
In short, both INF and AGT fully alternate for harmony. As a result, INF is a regular suffix and not transparent in colloquial Kazakh. In the following section I examine acoustic data from the Kazakh New Testament to demonstrate that INF in the literary register also regularly undergoes harmony. Table 16 and formant frequencies are plotted in Figure 9 . In both of these, F2 of INF is significantly higher after front vowels, matching the results found in colloquial Kazakh. All tokens were culled from one speaker, the narrator, in the text and so no normalization or random effects structure was used to address statistical significance. Instead, a simpler t-test was conducted to assess the statistical significance of root backness on F2 of INF. As in colloquial Kazakh, the effect was highly significant (t(19)= -9.3, p < .001). In sum, INF alternates for harmony in literary Kazakh.
8.2
The realization of the agentive suffix following the infinitive suffix
To determine whether or not INF spreads harmony onto following suffixes, twenty tokens of AGT immediately following INF were also culled. If F2 of AGT varies significantly based on the backness of the preceding vowel, then we can conclude that AGT undergoes backness harmony after INF in literary Kazakh. Since only an alternation is necessary, given the weight of evidence already put forth, no instances of regularly alternating /ɛ/ or /ə/ were measured for comparison. Descriptive statistics are shown in Table 17 , and F1-F2 are plotted in Figure 10 below. The statistical significance of this F2 alternation was assessed using a t-test. As expected, F2 of AGT varies significantly based on the backness of the root (t(18)= -5.12, p < .001). When the tvalues of AGT and INF are compared (-5.12 and -9.3 , respectively), a more robust alternation is present in INF than in AGT. Again, this suggests a contraction of the vowel space due to the petering out of harmony throughout the word.
To summarize, both INF and AGT undergo backness harmony in colloquial and literary Kazakh. This finding contradicts B&L (and Kara 2002:9) , which argues that INF does not undergo harmony, but allows harmony to pass over it to the next affix. Findings from B&L are compared to colloquial and literary Kazakh in Table 18 . In Table 8 above, we saw that the realization of Q varied by register, but this is not the case for affixes like INF and AGT. Instead, both colloquial and literary Kazakh accord with one another. Significantly, the data presented above suggest that the findings reported in B&L are not congruent with either register. can both providing converging evidence in favor of one's analysis and simultaneously safeguard against spurious results. The data presented in this paper come from multiple corpora as well as fieldwork data. By using multiple types of data from independent sources, I've provided robust evidence for the patterns described above. I have also argued, in line with general fieldwork manuals, that knowledge of the culture in which the language is spoken is an important part of field research. Specifically, it is crucial to know the linguistic ecology in Kazakhstan and the role that other languages, like Russian, might play during data collection.
At the theoretical level, locality has been shown to govern much vowel harmony in general, and in particular exceptionality in vowel harmony. These general findings are countered by Bowman & Lokshin (2014) , though, who suggest that exceptional morphemes may exhibit "idiosyncratic transparency." At a formal level, such a result could undermine the assumptions of many theoretical models, including the autosegmental models used above. Crucially, the data from Kazakh, as reported in this paper, do not counter the descriptive and theoretical claims to-date. As far as we can tell, exceptionality in harmony is always governed by locality.
Most importantly, this paper has argued that the fieldworker should be guided by both experimental and fieldwork best-practices. When experimental methodologies are taken seriously, choices like stimulus ordering deserve careful consideration. When field methologies are taken seriously, the historical and social context informs the use of potentially loaded orthographic representations. In both experimental and field research, defining the target register further informs the choice of stimuli and their presentation. In addition to these general principles, I have argued that when multiple data are brought to bear on a question, then we can be more confident that our contributions reflect actual linguistic significance.
